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Purpose: Previous reports demonstrate initial technical success with transluminally placed 
endovascular grafts (TPEG) for the treatment of  abdominal aortic aneurysms. However, 
long-term changes in the size of  the aorta and aneurysmal segments are unknown. The 
purpose of  this study was to determine aortic dimensions at several evels by computed 
tomographic (CT) scans 1 year after TPEG. 
Methods: Thirty-four patients tmderwent TPEG with 1-year CT scans. Patients were 
divided into three groups: group I, no perigraft leak; group II, early perigraft leak that 
sealed during the first year; and group III, persistent perigraft leak. Aortic minor and 
major diameters, perimeter, and area were measured at four locations: the celiac aorta, 
proximal neck, maximal aneurysm size, and distal neck. 
Results: There were 32 men and two women, with a mean age of 73 --. 8 years. In group 
I there were 20 patients (58%), and groups I I  and I I I  had seven patients (21%) each. The 
overall mean aneurysm minor diameter decreased from 4.79 -+ 0.68 cm at implantation 
to 4.39 - 0.86 cm at I year (p < 0.0001). The aneurysm sac decreased by 0.63 --- 0.58 cm 
in group I, and by 0.34 -+ 0.24 cm in group II .  In group In ,  however, the aneurysm sac 
increased by 0.19 +_ 0.21 cm. Aneurysm size change did not correlate with inferior 
mesenteric or lumbar artery patency. The dimensions of  the celiac aorta and proximal 
neck did not change significantly. However, diameter of  the distal neck enlarged by 
0.12 _+ 0.27 cm (p < 0.01). 
Conclusions: TPEG exclusion is associated with reduction of  aneurysm size 1 year after 
implantation. Expansion of  the aneurysms occurred with persistent perigraft leak. The 
aortic size at the celiac artery and proximal neck did not change. Dilation of  the distal 
neck was minor but requires further long-term follow-up to determine clinical 
significance. (J Vase Surg 1997;25:113-23.) 
Transluminally placed endovascular grafts (TPEG) 
provide a less-invasive method for the treatment o f  
abdominal aortic aneurysms. Preliminary studies 
have demonstrated initial technical success with few 
early complications. 1-8 Recently, Moore and Ruther- 
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ford 9 reported phase I results o f  the North  American 
trial o f  the EVT tube endograft (Endovascular Tech- 
nologies, Inc., Menlo Park, Calif.), including study 
design, device and technique of  implantation, and 
perioperative morbidity data. In that report, the ini- 
tial success rate was 85%, with no deaths or signifi- 
cant complications. O f  great interest was the dra- 
matic reduction of  hospital stay to an average of  3.8 
days. One o f  the bothersome findings, perigraft leak 
detected by computed tomographic (CT) scan with 
contrast enhancement, occurred in 17 grafts (44%). 
Nine of  these 17 leaks (53%) resolved without treat- 
ment. One patient had continued aneurysm enlarge- 
ment, and open surgical repair was performed after 6 
months. Al though the report by Moore and Ruther- 
ford detailed the outcome of  patients as long as 27 
months after endovascular placement, no attempt 
was made to document  changes in the aneurysm sac, 
or proximal or distal aortic necks. 9
For endovascular repair o f  aneurysms to be ac- 
cepted and to replace the standard open procedure, 
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Table I. Patient status at time of study 
Total patients 68 
Included in study 34 
Incomplete radiographic follow up 21 
Immediate open conversion 8 
Explanted before 1 year 4 
Died I 
several questions need to be answered, t° First, does 
the aneurysm sac continue to enlarge or shrink in 
response to the TPEG? Second, what factors may be 
related to  aneurysm size change? And third, what is 
the response of the native aorta to the attachment 
system; in particular, does the proximal or distal 
aortic neck potentially enlarge and allow late peri- 
graft leaks to occur? The purpose of this study was to 
determine detailed aortic dimensions at several loca- 
tions 1 year after the implantation of the EVT device. 
Special attention was paid to the relationship of the 
aortic size change to perigraft leaks and the patency 
of inferior mesenteric (IMA) and lumbar arteries. 
MATERIALS AND METHODS 
Between February 10, 1993, and January 24, 
1995, 68 patients underwent repair of an abdominal 
aortic aneurysm using a tube device commercially 
developed by EVT under prospective phase I and 
phase II Food and Drug Administration protocols at 
13 centers in the United States. The characteristics 
and techniques of implantation of this device have 
been described previously. 9 Approval was given by 
each local institutional review board, and informed 
consent was obtained for each patient. According to 
experimental protocol, contrast-enhanced CT scans 
were performed at implantation and at 6 months and 
1 year after implantation. At the time of this study, 
34 patients (50%) had both postimplantation a d 
1-year (11 to 13 months) CT scans available for 
review. All grafts were patent. There were 32 male 
and two female patients, whose mean age was 73 + 8 
years. Overall, 49% of the patients had hypertension 
and 4% had diabetes. Of the remaining 34 patients, 
21 did not have complete radiographic follow-up 
information available, eight were converted to open 
procedures, four were explanted bcfore 1 year had 
passed, and one patient died (Table I). The reasons 
for immediate conversion included iliac disease or 
injury that prevented evice access and graft hook 
sets that were not attached in the aortic necks. 9 
Aortic dimensions. Aortic images were selected 
at four levels. The aorta at the level of the celiac 
artery was chosen as an internal control. The infrare- 
nal aorta was divided into the proximal neck, aneu- 
rysmal sac, and distal neck. The proximal neck was 
defined as the most cephalad image that contained 
the complete hook set. The maximal aneurysm size 
was the greatest aortic diameter, and the distal neck 
was the most inferior image with a complete hook 
set. Comparable images were selected by matching 
calcification patterns in the aortic wall and bony 
landmarks of the adjacent spine. The radiographs 
were scanned on a VXR-8 (Vidar Systems Corp., 
Herndon, Va.) using 300 dpi on Adobe Photoshop 
(v3.0). CT images of the aorta were blinded for the 
patient name and the date performed. Using com -
puterized planimetry, the aortic image was enlarged, 
the perimeter was traced, and measurements were 
taken on the basis of the accompanying calibrated 
scales (NIH Image, vl.57). Nearly all of the infrare- 
nal aortas were tortuous, presenting oblique cross- 
sections on standard CT transverse imaging. Area 
and perimeter were directly measured; major diame- 
ter is the longest ransverse and minor diameter isthe 
shortest transverse of best-fit ellipses (Fig. 1). 
Perigraft leak and other factors. The CT scans 
were examined for evidence of perigraft leak, as de- 
termined by contrast enhancement, outside the lu- 
men of the graft but within the aneurysm sac. The 
patients were separated into three groups on the 
basis of perigraft leak. Group I was composed of 
patients who had no perigraft leak on any scan. 
Group II contained patients who had early perigraft 
leak that sealed within the first year, and group III 
consisted of patients who had persistent perigraft 
leaks during the first year. Preoperative anglo- 
grams were used to determine the patency of the 
IMA and infrarenal umbar arteries. Attachment 
device fractures (hookbreaks) were detected by radio- 
graphic and fluoroscopic images. To provide consis- 
tency, the selection of images, measurements, and in- 
terpretation of radiographs was performed by a single 
observer (JSM). 
Statistical analysis. Measurement reliability was 
assessed for intraobserver variability and was greater 
than 99.7% for minor, major, and perimeter mea- 
surements and 99.9% for area measurements, based 
on three repeated measurements of 38 images, n 
Paired two-tailed t tests were used to compare size 
changes. Pearson correlations were performed to as- 
sess relationships between aortic size change and the 
covariates. A Tukey test was used for paired compar- 
isons of size differences with adjustment for multiple 
testing. ×2 tests were used to check for association of 
discrete variables. A p value less than 0.05 was con- 
sidered statistically significant. Exploratory analyses 
are given with 95% confidence intervals in square 
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Fig. 1. A, Mouse-drawn perimeter (white arrow) ofaneurysm i age; the area is the enclosed 
space. B, Best-fit ellipse, minor diameter (single black arrow), and major diameter (double black 
arrows) are displayed in white. There is no perigraft leak in this image. 
Table I I ,  A. Minor diameter of aortic image at selected levels 
Mean minor diameter Aneurysm Celiac artery Proximal neck Distal neck 
(cm + 1 SD) (n = 34) (n = 13) (n = 34) (n = 34) 
Implantation 4.79 + 0.68 2.64 ± 0.30 2.42 + 0.31 2.36 + 0.27 
1 year 4.39 + 0.86 2.66 + 0.24 2.45 + 0.28 2.48 + 0.31 
Change over 1 year -0.40 + 0.5ff 0.02 + 0.17 0.03 ± 0.18 0.12 ± 0.27 
95% C.I. for change -0.60,  -0 .20 -0.08,  0.12 -0.04,  0.09 0.03, 0.22 
Table I I ,  B. Major diameter of aortic image at selected levels 
Mean major diameter Aneurysm Celiac artery Proximal neck Distal neck 
(cm +- 1 SD) (n = 34) (n = 13) (n = 34) (n = 34) 
Implantation 5.24 ± 0.72 2.87 _+ 0.37 2.81 ± 0.35 2.80 -2-_ 0.49 
1 year 4.93 ± 0.95 2.95 ± 0.42 2.78 ± 0.40 2.97 ± 0.50 
Change after 1 year -0.31 + 0.62 0.08 ± 0.20 -0.03 _+ 0.35 0.i7 ± 0.37 
95% C.I. for change -0.52,  -0 .08 -0.05,  0.20 -0.15,  0.09 0.04, 0.30 
brackets. Descriptive measurements are given _+ one 
standard eviation. 
RESULTS 
Aortic dimensions. The aortic dimensions at 
the four levels measured are seen in Table II and in 
graphic form in Fig. 2. The minor diameter of the 
celiac aorta and proximal neck did not change signif- 
icantly; 1-year change of celiac aorta was 0.02 + 0.17 
cm [ -0 .08  to 0.12], and proximal neck change was 
0.03 + 0.18 cm [ -0 .04  to 0.09]. Overall aneurysm 
minor diameter decreased from 4.79 + 0.68 cm at 
implantation to 4.39 + 0.86 cm at 1 year (t = 
-4.114;  degrees of freedom, 33; p < 0.0001). 
Twenty-four patients have decreased aneurysm size; 
10 patients' aneurysms increased in size. Fig. 3 shows 
an example of a patient who had dramatic aneurysm 
shrinkage after 1 year. The distal neck enlarged 
slightly by 0.12 + 0.27 cm [0.03 to 0.22] (p < 
O.Ol). 
Perigraft leak and other factors. Pearson cor- 
relation coefficients identified leak as the only signif- 
icant variable that was related to aneurysm size 
change (Table III). Leak did not correlate with the 
size change of  any other region of the aorta. The 
striking relationship between the presence of leak 
and aneurysm size is depicted in the mean aneurysm 
size change over the first year after implantation 
according to leak status (Fig. 4 and Table IV). In 
group I there were 20 patients (58%) who did not 
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Fig. 2. Aortic minor diameter in cm versus months after implantation by anatomic location. 
Note different ordinate scale for aneurysm size. 
Table II, C. Perimeter of aortic image at selected levels 
Mean perimeter Aneurysm Celiac artery Proximal neck Distal neck 
(cm ± 1 SD) (n = 34) (n - 13) (n = 34) (n = 34) 
Implantation 16.07 ± 2.19 8.90 _+ 0.98 8.40 ± 0.97 8.31 _+ 1.13 
1 year 15.00 ± 2.81 9.0i ± 1.00 8.43 .+ 1.02 8.81 ± 1.18 
Change after 1 year -1 .07 -+ 1.81 0.11 ± 0.49 0.03 + 0.81 0.50 ± 0.88 
95% C.I. for change -1.70,  -0 .44 -0.18,  0.41 -0.12,  0.49 0.19, 0.81 
Table II, D. Area of aortic image at selected levels 
Mean area Aneurysm Celiac artery Proximal neck Distal neck 
(cm 2 + 1 SD) (n = 34) (n = 13) (n ~ 34) (n = 34) 
Implantation 20.06 ± 5.35 6.043 ± 1.44 5.41 + 1.29 5.27 -+ 1.46 
1 year 17.58 -+ 6.38 6.23 _+ 1.42 5.4i ± 1.31 5.86 ± 1.54 
Change after 1 year -2.48 + 4.27 0.20 + 0.74 0.00 ,+ 0.97 0.59 ± 1.17 
95% C.I. for change -3.97,  -0 .99 -0.25,  0.65 -0.33,  0.35 0.18, 1.00 
have perigraft leak, in group II seven patients (21%) 
had early leak, and in group III seven (21%) had a 
persistent leak. Group II included one patient who 
underwent a postimplantation balloon dilation pro- 
cedure that resulted in leak closure within the first 
year. All other group II patients' leaks sealed before 
the 6-month CT scan. In group III the site of the 
leak was proximal in one, distal in three, and indeter- 
minate in three. 
In group I the aneurysm size decreased an aver- 
age of 0.63 + 0.58 cm, and in group II decreased by 
0.34 + 0.24 cm. In group III, however, the aneurys- 
mal sac increased by 0.19 + 0.21 cm. A Tukey test 
shows significant difference between group I and 
group III (p = 0.005). Of the group I patients, 17 
(85%) demonstrated decreased aneurysm size (range, 
-1 .68 to -0 .06  cm), and three had expansion 
(range, 0.02 to 0.15 cm). In group II all patients 
(100%) showed decreases in aneurysm size (range, 
-0 .59 to -0 .05 cm). In group III, however, all 
patients had enlargement (range, 0.01 to 0.55 cm). 
Of the seven group III patients who had persistent 
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Fig. 3. A, Aneurysm immediately after implantation. B, Same area of aneurysm 1 year after 
implantation. There is dramatic shrinkage. Note similarity of bony landmarks in each scan slice. 
leaks, some had unsuccessful balloon angioplasty 
during the first year, and two underwent repeat bal- 
loon angioplasty or embolization after the first year. 
One late procedure was successful in sealing the leal<. 
These patients are being carefully observed. 
All four patients who underwent postoperative 
explantation within the first year had perigraft flow at 
the time of conversion: one with graft placement 
between mural thrombus and aneurysm wall that was 
converted after 4 days, one at 6 months with a hook 
fracture and distal eak, one at 6 months after angio- 
plasty to close a distal leak resulted in arterial injury, 
and one just before 1 year with a patent IMA, hook- 
break, and a distal leak. Two of these four patients 
had aneurysm enlargement and two had aneurysm 
shrinkage in the intervals before conversion. The pa- 
tient who died could have been in group II and had 
aneurysm size reduction of 0.07 cm after 6 months, 
Table 1V also includes the raw data on factors 
that may be related to leak, although there is no 
statistically significant correlation. Overall, the IMA 
was patent in 44%. At least one lumbar artery was 
patent in all patients, the median was 5, and the mean 
was 4.8. Metal attachment device fractures occurred 
in seven patients (21%) who had complete follow-up. 
Hookbreaks were not statistically related to the leak 
group (p > 0.92). There was also no apparent statis- 
tical relationship between hook fracture and aneu- 
rysm shrinkage or enlargement (p > 0.99). Hook- 
breaks occurred in five patients (21%) whose 
aneurysms decreased in size and in two patients 
(20%) whose aneurysms enlarged. 
DISCUSSION 
In contemporary series, conventional e ective re- 
pair of abdominal aortic aneurysms i  associated with 
a mortality rate less than 5%, ~2 and long-term dura- 
bility of open repair has been clearly document- 
Table I I I .  Pearson correlations with 
aneurysm size change (minor diameter) 
Unadjusted 
Covariate n Correlation p value 
Size change 34 1.000 
Leak 34 0.572 0.000 
Age 34 0.260 0.138 
Initial aneurysm size 33 0.131 0.460 
IMA patency 34 0.127 0.473 
Lumbar arteries patent 34 -0.009 0.960 
ed?3 is However, because of considerable complica- 
tions, cost, and patient disability during recovery, 
novel methods are being explored for treatment of 
aortic aneurysms. Dotter et al?6 first described the 
concept of endoarterial grafting in 1969. In 1976 
Parodi 17 began the development ofdevices and tech- 
niques for the endovascular treatment of aneurysms; 
he later used commercially available modified 
Palmaz stents and Dacron grafts in 32 patients. 
Parodi's preliminary results were encouraging; he 
achieved an initial technical success of 79% with 
few complications? 7 In 1988, Lazarus in the 
United States designed and patented an endovas- 
cular graft design that, rather than relying on the 
Palmaz stent for fixation, used a self-expanding 
device with pins for attachment. The phase I trial of 
the EVT device began in 1993, and results of this phase 
have been previously reported? Six patients were found 
to have persistent leak into the aneurysm sac after graft 
implantation and all were "well and without', evidence 
of enlargement of the aneurysmal sac" in this short- 
term study. ' ~ / " Using fOllow-u~data provaded by EVT on 
phase I and phase II patients, we explored etailed 
changes in aortic dimensions 1 year after endovascular 
graft implantation with special attention to perigraft 
leak. 
This study demonstrates that exclusion of ab- 
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Fig. 4. Aneurysm minor diameter over i year after implantation i relationship to leak group. 
Total cohort is depicted with crosses. Patients with no leak (group I; circles) and early leak (group 
II; triangles) have aneurysm shrinkage. Patients with persistent leak (group IlI; squares) have 
aneurysm growth. 
dominal aortic aneurysms by the EVT device results 
in a significant reduction in aortic aneurysm size. 
Aneurysm shrinkage is dependent on complete xclu- 
sion of the aneurysm sac as defined by an absence of 
perigraft contrast enhancement detected on CT scan. 
Exclusion of the diseased aneurysmal wall from sys- 
temic pressure is an important aspect of any treatment 
of aortic aneurysms. Surgical exclusion and bypass of 
the aortic aneurysms has been performed by Shah et 
al)8 Persistent arterial pressures in continuity with the 
aneurysm sac in their experience l d to continued ex- 
pansion and ruptttre of an aneurysm. 
Our results parallel those of  Balm et al., s who 
used the same device but with only a 6-month fol- 
low-up. In seven of  nine patients, the ancurysm sac 
volume decreased from 123 to 111 ml. One patient 
with expansion of the aneurysm sac had a late leak, 
and one with a leak that resolved within 2 weeks had 
aneurysm shrinkage. United States investigators have 
also studied subsets of EVT trial patients and re- 
ported qualitative findings. 1'6']9 The methods in this 
paper involve blinded detailed etermination fmea- 
surements of several areas of  the aorta, including the 
aneurysm. 
Published results with other TPEG devices are 
limited mostly to aneurysm diameter changes and 
show similar aneurysm response. May et al.20 studied 
30 patients (including ei ht with the EVT graft) with 
CT scans and demonstrated that aneurysms with no 
leak have a 0.93-cm reduction in maximal aneurysm 
diameter from the preoperative scan to the I-year 
interval. In four patients with leak, a 1.29 cm mean 
diameter growth was recorded. Matin et al.1 de- 
scribed a series of 14 patients treated with a balloon- 
expandable device made by Barone, Inc. (Buenos 
Aires, Argentina). In six patients the aneurysm size 
decreased I to 3 mm, and in three patients the 
aneurysm enlarged 0.5 to 1 mm. ] These investigators 
have also associated persistent perigraft leaks with 
continued aneurysm growth. 21 Parodi 3 has reported 
three patients with leaks more than a few weeks after 
undergoing the procedure; one died of rupture and 
two died of other causes. In our series, patients who 
had persistent leaks had mean aneurysm growth of 
0.19 cm during the first year (range, 0.01 to 0.55 cm 
per year). This growth rate is the same as that ob- 
served by Powell for untreated aneurysms. 22 Of 
greater concern is Lumsden's recent report of two 
patients who had delayed rupture after endovascular 
stent grafting procedures. 23In both instances, Da- 
cron grafts with Palmaz stents were used, and both 
were found to have leaks around the distal stent. 
Clearly from this experience, persistent perigraft flow 
and aneurysm enlargement are ominous findings. 
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Table IV, A. Aneurysm minor diameter over the first year according to leak Group 
Mean (cm) Total Group I Group II Group III 
Implantation 4.79 + 0.68 4.60 + 0.79 5.11 + 0.28 5.01 + 0.49 
1 year 4.39 -4- 0.86 3.97 +_ 0.76 4.77 _+ 0.47 5.20 + 0.65 
Change -0 .40  -+ 0.57 -0 .63  +- 0.58 -0 .34  -+ 0.24 0.19 + 0.21 
95% C.I. for change -0 .60 ,  -0 .20  -0 .89 ,  -0 .38  -0 .52 ,  -0 .16  0.04, 0.35 
These patients hould undergo evaluation for addi- 
tional therapeutic measures to close the leak or un- 
dergo standard aortic graft placement. 
Although this study did not demonstrate a statis- 
tically significant relationship between aneurysm size 
change and IMA patency or the number of lumbar 
arteries, anecdotal cases demonstrate hat perigraft 
blood flow has ceased with embolization or occlu- 
sion of these collateral pathways into the aneurysm 
sac. 9 Shah et al? s reported two patients who had 
persistent perfusion and enlargement of aortic aneu- 
rysms after open exclusion and bypass. Lumbar artery 
collateral vessels and coagulopathy led to aneurysm 
rupture in one case, and the collateral i iac flow was 
ligated with subsequent diminution of the aneurysm 
in the other. A large patent channel may maintain 
aneurysm pressurization a alogous to a pseudoaneu- 
rysm. Alternatively, it may be that for a leak to per- 
sist, there must be both an inflow and outflow 
source. The malpositioning of the attachment device 
or the failure of the pins to penetrate the aorta could 
permit the perigraft inflow of blood. The outflow 
could be either into a patent lumbar vessel or the 
IMA. Perhaps without outflow the aneurysm sac 
would otherwise thrombose. In this series of TPEG, 
the patient who had the greatest aneurysm enlarge- 
ment and persistent leakage after 1 year underwent 
repeat balloon angioplasty of the distal neck and 
endovascular embolization of iliac collateral vessels 
to lumbar arteries, which connected with the peri- 
graft space. A follow-up CT scan demonstrated suc- 
cessful thrombosis of the perigraft leak. Other etio- 
logic factors of late leaks after TPEG include severely 
calcified aortic necks, undersizing of grafts, subopti- 
mal stent placement, and stent migration after hook 
fracture. Many of these factors are correctable, and 
great effort has been and should continue to be 
directed at elimination of all causes of persistent leak. 
Previous studies of aortic dimensions with aging 
and aneurysm formation have been performed. 24
The aortic diameter at all levels increases as age in- 
creases. Here, the celiac aorta was chosen as an inter- 
nal control, and its stability confirms the reliability of 
measurements. The celiac aorta in normal subjects 
enlarges by only 0.11 cm each decade, and this is 
comparable with the 0.02 cm size change that was 
Table IV, B. Other factors not statistically 
related to leak Group 
Mean (cm) Total Group I Group II Group III 
IMA 15 (44%) 7 (35%) 3 (42%) 5 (71%) 
Lumbar arteries 4.8 _+ 1.8 5.2 _+ 1.8 3.1 -+ 1.7 4.4 _+ 1.4 
Hookbreaks 7 (21%) 3 (15%) 2 (29%) 2 (29%) 
seen over a 1-year period in this study. In patients 
with aortic aneurysms, the aortic neck is larger than 
in age-matched, gender-matched, and size-matched 
patients. 24 This finding, along with the observation 
that late recurrent aortic aneurysms are proximal to 
the graft, suggests that proximal neck may not be 
entirely normal. 25-28 Furthermore, it is not known 
what potential adverse biologic effects the indwelling 
stent may have on the aortic wall. Oversizing of 
stents and excessive radial pressure may accelerate 
degeneration f the aortic neck, thus permitting sep- 
aration of the graft from the aortic wall and leak 
formation. The differences in the potential forces 
placed on the aortic wall, between the Palmaz stent 
and the self-expandable EVT attachment system are 
unknown. May et al. 2° state that investigation of 
neck size is in progress. In this study with only 1 year 
of follow-up, the attachment system did not result in 
any significant changes in the size of the proximal 
aortic neck. However, experience after standard re- 
pair demonstrates that proximal aneurysm formation 
takes many years to develop. 
Distal neck enlargement of0.12 cm over 1 year is 
of uncertain clinical significance. A similar finding 
was made in the European experience with this 
graft. 8Enlargement of the distal neck, which begins 
smaller or more elliptical in shape than the proximal 
neck, may be related to the use of identical-sized 
stents at each end of the tube graft. Growth of the 
distal neck was not associated with late perigraft leak. 
In this series of tube grafts, placement of a bifurca- 
tion prosthesis may provide an endovascular solution 
to distal neck dilation. 
This study demonstrated that endovascnlar g aft- 
ing of abdominal aortic aneurysms i  feasible. When 
the graft is successfully implanted without perigraft 
leak, reduction of aneurysm size is observed 1 year 
after implantation. However, this shrinkage isdepen- 
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dent on complete exclusion of the aneurysmal sac, 
and therefore advances in patient selection, device 
design, and implantation technique are being devel- 
oped to eliminate persistent leaks. The distal neck 
enlargement mandates cont inued surveillance to de- 
termine clinical significance. 
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APPENDIX .  UNITED STATES 
INVEST IGATORS,  COINVEST IGATORS,  
AND RADIOLOGISTS  
Emory University Hospital, Atlanta 
Primary investigator: Elliott Chaikof, MD 
Coinvestigators: Alan Lumsden, MD,  Thomas 
Dodson,  MD,  Atef Salam, MD,  Robert B. 
Smith I I I ,  MD 
Radiologists: Alan Zuckerman, MD,  Stephen 
Kaufman, MD,  Louis Martin, MD 
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Henry Ford Hospital, Detroit 
Primary investigator: Calvin B. Ernst, MD 
Coinvestigators: Daniel R ddy, MD, Joseph E1- 
liott, MD, Alexander Shepard, MD 
Radiologist: P.C. Shetty, MD 
Massachusetts General Hospital, Boston 
Primary investigator: David C. Brewster, MD 
Coinvestigators: William M. Abbott, MD, Rich- 
ard Cambria, MD 
Radiologists: Stuart Geller, MD, John ICaufman, 
MD 
Montefiore Medical Center, New York 
Primary investigator: Frank J. Veith, MD 
Coinvestigator: Michael Matin, MD 
Radiologist: Jacob Cynamon, MD 
Miami Vascular Institute, Miami, Fla. 
Primary investigator: Barry Katzen, MD, Or- 
lando Puente, MD 
Coinvestigators: Jose Alvarez, Jr., MD, Steven 
Kanter, MD 
Radiologists: Barry Katzen, MD, James Benenati, 
MD, Gerald Zemel, MD, Gary Becker, MD 
Northwestern University Medical Center, Chicago 
Primary Investigator: James S. T. Yao, M.D. 
Coinvestigators: William H. Pearce, MD, Walter 
J. McCarthy, MD 
Radiologists:Albert Nemcek, MD, Robert Vogel- 
zang, MD 
New York University Medical Center, New York 
Primary Investigator: Thomas S. Riles, MD 
Coinvestigators: Patrick Lamparello, MD, Mark 
A. Adelman, MD, Gary Giangola, MD 
Radiologist: Robert Rosen, MD 
St. Thomas/Vanderbilt University Medical Center, 
Nashville, Tenn. 
Primary Investigator: William H. Edwards, Sr., 
MD 
Coinvestigators: William H. Edwards, Jr., MD, 
Thomas A. Naslund, MD 
Stanford University Medical Center, Stanford, Calif. 
Primary investigator: R. Scott Mitchell, MD 
Coinvestigators: Christopher K. Zarins, MD, Ed- 
mund Harris, Jr., MD 
Radiologist: Charles Semba, MD 
University of Colorado, Denver 
Primary investigator: Robert B. Rutherford, MD 
Coinvestigators: William C. ICrupsld, MD, Dar- 
rell Jones, PhD 
Radiologists: David Kumpe, MD, Janette 
Durham, MD 
University of California, Los Angeles 
Primary investigator: Wesley S. Moore, MD 
Coinvestigators: Samuel S. Ahn, MD, J. Dennis 
Baker, MD, William J. Quinones-Baldrich, 
MD, Hugh A. Gelabert, MD, Herbert I. 
Machleder, MD, Richard W. Bock, MD, 
Rhoda Leichter, MD 
Radiologist: Antionette S. Gomes, MD 
University of California, San Francisco 
Primary investigator: Jerry Goldstone, MD 
Coinvestigator: Susan Wall, MD 
Radiologist: Ernest Ring, MD 
University of Texas Southwestern Medical Center, 
Dallas 
Primary investigator: G. Patrick Clagett, MD 
Coinvestigators: Arun Chervu, MD, R. James 
Valentine, MD, Stuart Myers, MD 
Radiologists: George Miller, MD, Rebhi Awad, 
MD, Margaret Hansen, MD, Helen Redman, 
MD, Jorge Lopez, MD 
DISCUSSION 
Dr. Thomas J. Fogarty (Portola Valley, Calif.). Drs. 
Matsumura, Pearce, McCarthy, and Yao are to be congrat- 
ulated. This is a topic that is obviously going to be critical 
to the surgical community. In essence we are questioning 
whether stent-graft technology will work. The stent-graft 
manufacturer, Endovascular Technologies, should also be 
congratulated ontheir cooperative efforts to honestly and 
critically evaluate their product in this study. 
The results of the study can be succinctly summarized 
as follows: of the 34 patients, 20 had immediate seals and 
seven patients had leaks that went on to seal. This latter 
group should engender some concern. The resultant in- 
crease or decrease inaneurysm size that was documented in 
this study is somewhat intuitive; that is, if the stent-graft 
prosthesis seals, whether it be immediate orlate, the aneu- 
rysm decreases in ize. If sealing does not occur, the aneu- 
rysm enlarges. 
In relation to the nomenclature w  use when discuss- 
ing stent-grafts, I believe thatin the future the terminology 
will become better-defined to more adequately describe 
the term "seal." It might be preferable to change that erm 
to "aneurysm exclusion," because although a seal may 
occur, there may be continued filling of the aneurysm by 
way of the collateral vessels. This potential residual filling is 
yet to be observed in this study, but certainly other re- 
searchers have identified h  event. 
The other aspect that I believe to be extremely impor- 
tant and that was documented in this study, relates to the 
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fact that independent of sealing or nonsealing, the distal 
neck of the aneurysm was observed to enlarge within a 
relatively short follow-up period of 1 year. This gives fur- 
ther credence to the conclusion drawn by Dr. Juan Parodi 
and myself that endoluminal tube grafts in the abdominal 
aorta are not the optimal stent-graft design configuration 
and are rarely indicated in this clincal situation. Certainly, 
everyone involved with the placement of endoluminal 
stent-grafts is now. moving toward using bifurcated stent- 
grafts, which will hopefully address the distal neck enlarge- 
ment problem. 
My first question relates to whether we should perhaps 
consider expanding the numbers of ways endovascular aneu- 
rysm repair esults are classified. There are situations where an 
initial seal will convert to a late leak, and this category would 
represent additional disease that will influence the utility of 
this procedure. This situation produces considerable concern. 
The reasons for this occurrence are clear in some situations 
and not in others. Although the authors did not identify this 
category in their series, I am certain that they recognize the 
potential for the scenario described. Would it be useful to add 
this category tofuture studies? 
Another alarming potential situation is that in which a 
leak is not identified and yet the aneurysm continues to 
enlarge. In our thoracic aneurysm experience at Stanford, we 
have experienced such occurrences and find them quite trou- 
bling. Dr. Parodi has expressed concern over this finding in a 
few of his patients, and it is indeed adisconcerting occurrence 
that deserves mention and further diligent scrutiny. 
Another question relates to the method used to detect 
leaks. Is dye-enhanced CT the best way to document filling 
of the aneurysm? I do not personally know the answer to 
that question, but I certainly think we should all thought- 
fully question the techniques and methods we use to doc- 
ument aneurysm exclusion in the follow-up eriod. I think 
that some of these techniques may be adequate for ana- 
tomic delineation but inadequate for physiologic determi- 
nations. It may be preferable to use more than one method 
when conducting these evaluations. 
There are many, many important questions that remain 
concerning the potential utility of TPEGs and the appro- 
priate use of endovascular tube grafts, and I believe the 
authors of this thought-provoking work have spurred us in 
the right direction to begin an attempt to answer some of 
them. Dr. Matsumura and his colleagues have documented 
the need for critical follow-up before widespread adoption 
of this new technology. 
Dr. Jon S. Matsumura. I agree that the results of 
aneurysm shrinkage are intuitive and predicted by the ex- 
tensive experience by many groups, including the Albany 
group, with exclusion by operative means. I also agree that 
the distal neck expansion is very concerning and that an 
endovascular solution for that may be a bifurcated graft. 
In response to your questions, I think that we will need 
to have more groups than just these three of no leak, early 
leak, or persistent lealt. If you follow up for more than 1 
year, there are patients who had no initial leak and a 
subsequent leak. To clarify, this is different from the seven 
patients in group II, of whom six had leak only on the 
discharge scan d none thereafter, presumably sealing 
soon thereafter. One of those patients underwent a suc- 
cessful balloon redilatation of the distal attachment device 
to seal the leak within that first year. These group II 
aneurysms behaved similar to those that never had a leak. 
The second question was in regard to the group I 
patients, the ones that enlarge but in which we do not see a 
leak. These are three patients; the further information I 
have on them is that one had very minimal growth of less 
than 1 ram, the second with follow-up scanning at 2 years 
had subsequent second-year shrinkage after first-year en- 
largement, and the thiM patient continues to have growth 
at subsequent CT scanning, and I have retrospectively 
looked at that scan many times trying to decide whether 
there was a leak that I missed on the initial blinded evalua- 
tion when I did not know that i grew. I realize that I may 
be biased in unblinded evaluation, but I think that there 
was a leak that I did not initially pick up. 
The third question regarded whether CT scanning with 
contrast enhancement is he best way to evaluate aneurysm 
exclusion. That question is not answered by this study, but 
my impression from this study, in which we use contrast- 
enhanced CT with thin cuts, is that there is a very strong 
correlation of aneurysm size change and the presence of 
CT-detected leak, with the exception of those three group I
patients just described. Other tests may be more accurate for 
detecting perigraft flow. As far as which technology is best for 
measuring size, if you could do helical CT scanning in all 
centers with 3-D reconstruction, you may get a little bit better 
grasp of the measurement. Perhaps a high-speed CT with 
electrocardiographic gating or intravascular ultrasound with 
electrocardiographic gating would remove some of the bio- 
logic variability ofthe heartbeat movement. 
Dr. James May (Sydney, Australia). I would like to 
commend the Northwestern group for their impeccable 
methods and presentation this morning and just comment 
very briefly on a similar study that we presented at the 
European Vascular Society meeting in Antwerp last year 
and subsequently in their journal. This study involved 47 
patients who had been followed-up with contrast-en- 
hanced CT at 6, 12, and 18 months after endoluminal 
repair. Basically, the results were the same as we have heard 
this morning, with one exception, and that was that we 
found an increase in diameter in the proximal neck of the 
order of 10%, which we postulated is caused by deliberate 
oversizing of the prosthcsis. But reassuringly, unlike the 
shrinkage of the aneurysm, which was progressive, over the 
6, 12, and 18 months the expansion of the neck was 
nonprogressive. 
Dr. Matsumura. I believe that the Sydney experience 
is really going to be one to follow. First of all, your group 
will be able to do comparative studies, having used several 
different types of grafts with different attachment devices, 
and that is a very important thing to follow. Your numbers, 
compared with those from this experience and other expe- 
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riences around the world, would definitely give much more 
power to any type of investigation. 
I do not have a proved explanation for why you have 
proximal neck dilation, but in this study we did not see that. 
The hypothesis that distal neck change may be related to 
placement, and not to subsequent enlargement after place- 
ment, is one that I was able to look at. Comparing the 
preoperative scans with the postimplantation scans, our aortic 
proximal and distal neck did not change significantly during 
that interval, which was a mean of 75 days with, however, a 
very wide range of 1 to 250 days. Although there is an 
increase trend by half a millimeter, the confidence interval 
spans zero and is not statistically significant. So in this experi- 
ence, the distal neck expansion is mostly attributable to the 
period after placement ofthe device, from after implantation 
to i year, and not with the actual placement ofthe device. 
Dr. R. Clement Darling (Albany, N.Y.). In Albany, 
we have performed more than a thousand operative xclu- 
sions in the last 12 years and have found that about 1.8% of 
them will have persistent flow and that 1.4% of them 
required open surgery for the persistent flow. We have tried 
to Observe them with CT angiography and with regular an- 
giography, but have found duplex to be a much more sensi- 
tive method for observing them and looking at wall motion 
abnormalities, a  well as persistent flow in the sac. 
About what percentage of your patients' aneurysms 
increased in size, and how do you repair them? Did you 
have any experience with looking at the persistent flow in 
these excluded aneurysms using duplex? 
Dr. Matsumura. Twenty-four of the patients had 
shrinkage and 10 had expansion. The 10 with expansion 
were the seven in group III and the three that I discussed 
in group I who had no apparent leak in the initial prospec- 
tive evaluation. Subsequently, repair has been attempted in
some cases using embolization ofcollateral f ow and repeat 
attachment system balloon dilation. 
In regard to persistent flow and duplex ultrasound, 
believe in the group I patients who had expansion that we 
ought to pursue other investigational tests, whether it's 
duplex, intravascular ultrasound, an angiogram, or mag- 
netic resonance angiography, to look to see whether there 
is perigraft leak detected in these patients that we miss by 
contrast-enhanced CT. 
One possible xplanation for missed leaks is that the 
contrast-enhanced CT scan is done for 10 seconds on 1 
day, and it may be that these leaks are labile, they're 
coming and going, and more frequent examination may be 
more sensitive. I think that somebody practical might say that 
if you've got expansion, there has got to be a leak. As your 
extensive data with over a thousand patients has shown, the 
aneurysms only expand if there is perigraft flow. 
Dr. John W. Hallett, Jr. (Rochester, Minn.). One 
thought and one question came to mind during your 
presentation. The statement was made that the bifurcated 
graft may eliminate the problem of the distal aortic dila- 
tion, but the iliac arteries tend to do the same. If we were 
to fix the distal grafts in the external i iac artery, which 
generally doesn't become aneurysmal, then we have the 
problem of the internal i iac flow. My question is, as you 
looked at your data, what happened to the iliac arteries in 
these patients in terms of size, or did you measure that? 
Dr. Matsumura. In these data we were not able to 
look at the iliac arteries. Many of the follow-up scans, 
unfortunately, stopped at the bifurcation. Other groups 
have looked at the iliac arteries after open repair and have 
found that isolated iliac aneurysms are uncommon prob- 
lems after an open repair. 
Dr. Juan C. Parodi (Buenos Aires, Argentina). I share 
your concern about he distal dilatation. As a matter of fact, in 
our experience, we had distal dilatation and leaks even after 3 
years. That also happened inthe lilac arteries. In two out of 40 
patients we had distal dilatation and leak after 3 years. 
We identified another cause of an aneurysm growing, 
and that is that the graft was not completely covering the 
whole length of the anenrysm, so we had some thrombus 
interposition. We could not find any leak on the CT scan, 
we could not find any leak in the angiogram, but this 
patient had an aneurysm growing. ~ust by performing a
spiral CT scan we found that the distal end of the stent that 
was free was in contact with thrombus. So you do not have 
to find a leak or backflow from the lumbar arteries to have 
a growing aneurysm. I think that we should define what a 
successful result is. And in that we should include that the 
graft should cover the complete length of the aneurysm 
and should be firmly attached and sealed at the ends. 
Dr. James C. Stanley (Ann Arbor, Mich.). Juan, be- 
fore you sit down, could you clarify whether the leaks you 
saw years after the procedure were de novo leaks or persis- 
tent leaks? 
Dr. Parodi. We had leaks and we had five late rup- 
tures. One patient had a leak that sealed spontaneously, 
and we thought in 1991 that that patient was cured. That 
patient had a ruptured aneurysm even after the spontane- 
ous sealing. Four other patients with leaks who did not 
want to undergo the second procedure had ruptures, also. 
But also we had late leaks. That is why we need long-term 
results with this procedure. 
Dr. Matsumura. Thank you, Dr. Parodi. I agree abso- 
lutely and completely that we need to define success that 
includes complete aneurysm exclusion and attachment as
you just described. I have learned that the attachment 
device, just like an open repair, has to go into a portion of 
normal artery. We should, in the endovascular experiment, 
carefully evaluate patients for thrombus or for heavy calci- 
fication. When we are planning the size of the graft and 
when we are placing it, we should have to have meticulous 
attention to putting it in that arget artery where there is 
no thrombus. I agree that we must have long-term results 
to better answer many of today's questions. 
